The lime-dependent variational principle is used to derive the approximate time evolution of state vectors parametrized by restricted sets of variables. The adiabatic approximation is discussed. The formalism developed is applied to the description of the collective motion of elipsoidal nuclei. §
Anyhow, the problem of anharmonic collective vibrations has undoubtedly preserved its attraction, so it may still be of some interest to re-examine and to generalize the treatment of Ref. 5) . This is the main purpose of the present paper which, in some sense, may be regarded to provide the classical counterpart to the microscopic theory of the nuclear collective motion developed by Une et al.. 0 l § 2. Restricted dynamical parameti·ization
The time-dependent variational principle of quantum mechanics for non-normalized wave functions may be written in the form 7 l,sl _i_ [e~7J!JaiJ! /at>-(aiJ! /at IIJ!)
(IJ! IIJ!)
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+ :t <oP"!~?P"Iiflo~i_ J -o<~if{~~(=o, (1) where H is the Hamiltonian of the system. As has been pointed out by Rosenfeld, this principle insures that the error arising from a restriction of the system to an a priori chosen family of state vectors, is as small as possible. In this form, the time-dependent variational principle is equivalent to the Hamiltonian formulation of Kerman and Koonin."J In Refs. 5) and 8) the dynamical parametrization by complex variables has been advocated. Here we consider the situation in which the allowed state vectors § 3. RPA equations For small deviations from equilibrium, the dynamical equations become iSi7rj = "Llij Crj-r/ 0 )) + Bij Cr/-r/ol*), -iSi7*rj* = Atj Crj *-rj <al*) + Btj Crj-rj <ol), (8) where (9) It lS ahvays possible to define the parameters ri 111 such a way that (10)
If we assume that such a choice has been made and if we introduce the ansatz (11) then we arnve at the well-known RPA equations, for the normal modes of the system anse if i@(r)) is flexible enough to describe the effect of the corresponding symmetry transformation, that is, if
In both cases the physical situation is such that there 1s no force to prevent
A. 11lvcs et al.
a from becoming large, so the small deviation approximation 1s no longer valid (for all times).
It is convenient and possible to define the parameters ri in such a vvay that a is the real part of one of them, let us say rl> at least for small a. If this choice has been made, then the rj <o>, solution to Eq. (7), are such that r 1 <o> is either an arbitrary real number (due to the existence of a particular symmetry or conservation law) or an infinitesimal real number (due to the existence of a phase transition). The remaining r/o> (j>2) may be chosen to be zero by shifting the origin.
A new type of approximate solution to the time-dependent equations may now be introduced, the so-called adiabatic approximation, which is valid for small values of the imaginary part of the rj· Baranger 9 ) has developed a theory of adiabatic collecti,-e motion on the basis of the assumption that the time-odd part of the wave function is small. we have assumed that the matrix sij (a) is real and that 
(In matrix notation, p = 2S{3.) The collective Hamiltonian becomes
where cs-l) ij is the matrix inverse to sij, and the equations of motion assume the Hamiltonian form 
. Application to quadrupole vibrations in nuclei
The shape of an elipsoidal nucleus is defined by the {3, r vibrational parameters.
The orientation in space of this shape is defined by the Euler angles rp, e, </J. Let
denote a ket corresponding to an elipsoidal shape oriented along the coordinate ax1s. The rotation operator corresponding to the Euler angles rp, e, ¢ is given by (27) A ket corresponding to an elipsoidal shape with arbitrary orientation in space may be written
We will also write (29) where the ai are the real part of the complex parameters ri· the matrices Sij and A1ij we need the derivatives a I 1 Jf) /8ai. 
These expressions depend on the assumption
which is valid if, at the equilibrium, we have rotational symmetry (K = 0). We observe that Ik has the same expression as the components of the angular momentum of a rigid body, along the principal axis of inertia. The derivatives 81 (/))jaai (i = 4, 5) needed to compute lvfii' sii (i = 4, 5) are obtained by perturbation theory, 6 ) starting with the Nilsson potential and wave functions. § 6. Concluding remarks
In the present paper, the time-dependent variational principle has been used m order to derive the approximate time evolution of state vectors parametrized by restricted sets of variables suitably chosen. A detailed discussion on the adiabatic approximation has been given. The formalism developed has been applied to the description of the collective motion of elipsoidal nuclei, thus providing a microscopic theory of phenomenological collective Hamiltonians frequently found in the literature. Since such Hamiltonians are quadratic in the velocities, and since our treatment shovvs that there is no fundamental reason for this choice, it must be concluded that the validity of phenomenological Hamiltonians quadratic in the velocities reflects the validity of the adiabatic approximation. Finally we observe that the present paper provides the natural complement, from a classical point of view, to the derivation of the collective Hamiltonian, based on the generator coordinate method, as developed in Ref. 6 ).
